In this issue of Biology of Reproduction, Kanatsu-Shinohara et al. [1] report a novel technique for culturing spermatogonial stem cells (SSCs) in the absence of both serum and feeder cells. This achievement has significant implications in SSC research and applications. To appreciate this study, it is useful to briefly review the past progress in the development of SSC culture systems.
The study of SSCs dates back to the 1950s [2] ; however, functional analyses of SSCs were limited until 1994, when the group led by Ralph Brinster demonstrated the regeneration of complete spermatogenesis following transplantation of donor mouse testis cells into recipient testes [3, 4] . Because stem cells are defined by their ability to reconstitute an adult tissue [5] , this transplantation technique provided an unequivocal detection method of SSC potential. Nonetheless, the technique alone did not allow for the experimental manipulation of SSCs or for the dissection of their cellular biology. The SSC culture was therefore expected to become an important tool in understanding the mechanisms that control SSC survival, self-renewal, proliferation, and differentiation.
The first SSC culture was reported in 1998 by the Brinster laboratory, using the mouse as a model [6] . Although it was a crude system in which entire seminiferous tubule cells were cultured in a medium containing fetal bovine serum (FBS), the study showed that long-term maintenance of SSCs in vitro was possible if embryonic fibroblasts were provided as feeder cells. The development of SSC enrichment techniques [7, 8] improved the efficacy of SSC culture [9, 10] . These studies also showed that pup SSCs divided more actively than adult SSCs [9, 11] .
The discovery of glial cell line-derived neurotrophic factor (GDNF) as a critical factor for SSC self-renewal was pivotal to the development of SSC culture. Using transgenic mice, Meng et al. [12] demonstrated that overexpression of GDNF led to accumulation of undifferentiated spermatogonia, whereas its haploinsufficiency resulted in the loss of stem cell reserve. On this basis, two research groups, led by Takashi Shinohara [13] and by Ralph Brinster [14] , established mouse SSC culture systems. In both, SSCs self-renewed virtually indefinitely and proliferated robustly in the presence of GDNF and FGF2. Additional elements common to both techniques were reduction of testicular somatic cells and enrichment of SSCs and the use of embryonic fibroblasts as feeder cells. The Shinohara method used a low level (1%) of FBS, whereas the Brinster method employed a serum-free medium with its defined chemical components, including a mixture of free fatty acids [15] .
The Shinohara group further improved its culture conditions to the point of development of a system where either feeder cells or serum was omitted [16] . Following from these advances, they now present an SSC culture that contains neither feeder cells nor serum [1] . To achieve this, they used laminin as a culture substrate and supplemented a serum-free medium with fetuin and lipid-associated components. Fetuin, a major protein in FBS, enhanced cell attachment to laminin but was not sufficient for sustained cell proliferation. The authors resolved this problem by adding lipid-associated components to the medium, suggesting significant roles for lipids in promoting the activity of SSCs and their progeny. With these results, it is reasonable to attribute the success of the Brinster method partly to lipid inclusion in the medium.
The elimination of feeder cells and serum is important, because these components introduce unknown factors into a culture environment. Therefore, the current study represents a significant improvement of the SSC culture technique. On the other hand, it also indicates issues remaining to be addressed for establishing a defined SSC culture system. Here, three of these issues are considered.
First is the culture medium. The medium used in the current study is based on StemPro medium, a proprietary product that might include undisclosed components that are detrimental or beneficial to SSCs. The medium is also complex, containing various growth factors, such as epidermal growth factor and leukemia-inhibitory factor as well as steroid hormones. Lipid components used in this study are commercially produced from the serum, and a batch-to-batch difference in the products may affect SSC behavior. Hence, a better-defined medium needs to be established. A similar issue also applies to the Brinster method. Although their medium is simpler and completely defined, feeder-free culture has not been reported using this medium. Further improvement is thus necessary, and identification of feeder cell function could be valuable.
The second issue is serum. Culture techniques have been developed for various types of stem cells, and a serum-free condition is common for nearly all of the techniques. Does this imply that serum is universally detrimental to stem cells in vitro? The current study indicates that serum does have positive effects on SSCs in culture, and notably shows that the proportion of SSCs in cultured cells was lower than that found in the presence of serum. Apparently, there are still unknown serum components that may improve the SSC culture. The third is the effect of variables inherent in the biological properties of SSCs, such as strains and ages of mice and species. Differences related to these parameters are evident in embryonic stem cells. For SSCs, the culture efficacy is better with SSCs derived from the DBA/2 mouse strain than those from other strains [13, 14] . In the current study, the authors initially used DBA/2 cells to develop a technique and then applied it to other mouse strains, such as BDF1 and ICR. It is necessary to verify whether the efficiency of feeder/serum-free culture and SSC proliferation are affected by the strain. For the mouse age, in both the Shinohara and Brinster systems, SSC culture is most successful when pup testis cells are employed [17] . Thus, is the efficacy of the SSC culture dependent on the intrinsic properties of SSCs? Similarly, species differences can affect SSC culture efficacy. The culture techniques have been reported for SSCs and spermatogonia from other mammalian species [18] [19] [20] [21] [22] [23] , and in these cases, GDNF has thus far been indispensable. In contrast, mouse and human embryonic stem cells show different growth factor requirements. Therefore, we seem to have a consistent element of SSC culture across species. However, when SSC proliferation is compared between the mouse and the rat, for example, rat SSCs proliferate far more slowly [19, 20] . Considering that spermatogenic cycle is species specific, the efficacy of SSC culture and the efficiency of SSC proliferation could vary from one species to another. Thus, the question becomes whether or not we can overcome the intrinsic characteristics of SSCs and their consequent limitations.
A defined culture system free of serum and feeder cells provides significant practical advantages, particularly for culture of human SSCs. Such capability will not only be important to understand the biology of human SSCs, but also provide a xeno-free condition to maintain and expand them for clinical applications. Further improvement of SSC culture techniques is awaited, and we need to explore many aspects, which may be associated closely with SSCs' biological properties. The current study constitutes an important foundation for our future efforts.
